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| 1 INTRODUCTION 
. The objective of the work on contract Nonr=555(00) reported 
herein has been to continue research and studies concerning the 
; operational feasibility of scatter projectiles, The research has 
been confined to scatter projectiles of a size which are suitable 
| for ultimate use in a 20 MM round or a standard 12 gage shotgun. 
During this research, the aim of the program was to establish 
the feasibility of 20 MM and 12 gage shotgun ammunition which would 
have a distribution of 0% of the ;rojectiles in a six foot diameter 
wt 100 yards range. In addition to distribution, consideration was 
given to other phases of the problem leading to a pre-prototype 
round, such as feasibility of manufacturing all of th: ammunition 
components, 
During the ,ast year considerable progress has been made in 


manufacturing better projectiles at reduced cost. The techniques 


AR Se 


_ currently being used can readily be adopted for the manvfscture of 

| large production quantities of projectiles. 

Projectiles are coid forged by use of a die 3et which is installed 

| in a punch press and Saati complete cycle of the press y,roduces a 
finished projectile. (See photographs on pages 3, 4 and 5). Punting 

the process of erriving at the final coining die material, die life 


ranged from 20 pre jectiles to hundreds. 


CONFIDENTIAL 


= 3 Sed 


é 


on ee 6 if i Ps 


TIROCRAFT 
MAMENTS PAGE KO 
INC. 2 
REPORT NO. FR-365 
eC DE 


CONFIDENTIAL 


Finally two die materials were arrived at whose die life ranges 
into thousands of projectiles. These die materials are AIRDI No. 150 made 
by the Crucible Steel Company and Hampden Tool Steel made b. the Carpenter 
Steel Company. 

in addition to die material development, one of the greatest prob-= 
lems was to arrive at a suitable material for making the projectiles. The 
original projectiles were made of wire having a low carbon content and be- 
cause of the setback loads on the projectiles encountered during firing it 
became necessary to harden them. With the material being used, it was only 
pessible to case harden the projectiles and this resulted in poor uniformity 
Since it was found that they ranged from soft to extremely brittle. The 
final sealed selected was supplied by the Bethlehem Steel Company of 
Baltimore, Md. and is cf a type that may be heat treated. Use of this wire 
resulted in very uniform projectiles which,when fired, remained intact. The 
The material is .085 dianeter, 1060 steel wire which is spherodized, annealed, 
cleaned and bethalube coated to finish size. Formed projectiles are heat. 
treated to an ultimate tensile strensth of 196,900 pai. 

Progress is steadily being made regarding reduction of manufacturing 
costs of the sabots. However, until such time that the final sabot cunfigura- 
tions may be set, it will not be possible to establish cost data. 

As taay be seen from the curve on page & of this report, accuracy of 
the heat treated projectiles was grestly improved over the low carbon steel 
case hardened type fired in the tezinning of this pro;ram. Tne comparison is 
made only un projectiles having canted fins since they in turn were better 
whan the projectiles not having canted fins. The improvement results from the 


wreater uniformity and reduction of heat treating distortions. 
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| ek II. SINGLE PROJECTILE DEVELOPMENT 
A. Purpose 
To develop a projectile suitable for multiple firing with the fol- 


| 
iM lowing characteristics: 
é 
i 


2. Stable under normal launching conditions. 


| S 1. Capable of taking set-back force without deforming. 
{ 

| 2. Having accuracy suitable to fulfill characteristics 
| 


A test program was set up to establish the above characteristics 
and the projectiles were fired in the following manner: 


1. Nos. 1 to 9 (Nelta Fins) 


i discussed in the introduction. 
| 4. Capable of being manufactured accurately in quantity. 
| ; 5. Capable of being packaged as a round. : 
| B. Studies 
| ( Ballistic and aerodynamic studies were made in the beginning of the 
| program (Reference !)and additional studies were conducted es required dur- 
P ing testing. — 
| : C. Tests ; 
| 
i 
| 
| 
{ 


These prejectiles were fired during 1952 to establish the min- 
t imum span required to give a stability sufficient to continue further tests. 
{ 
| 


The spane varied from .10€ in. te .150 in. 
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These projectiles were made up by slotting the base and silver 
soldering fin inserts in place. The minimum span found to give any stability 
was .144 inchs or b/D ratio of 1.82 for this configuration. 


2. Nos. 10 to 23 (omitting Nos. 14 and 15 
which were different types) 


These projectiies had rectangular fins and their spans varied 


from .113 in. to .200 in. They were fired .tc establish minimm span. 


Tae a 
° areata Span = .167 


A minimum span or b/D ratio of 2.1) was found to be 
stable. The number of tests were limited due to the fact that the projectiles 
were handmade. Work then continued to establish a method of forming projec- 
tiles in quantities so that statistical results could be obtained. They were 
made on the Pexsing machine described on page 1 of this report. 

3. Rounds 24 through 30 
The b/D ratio established previously was used in these tests: 


0/D = 2,12 
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The change in diametsr was made in order to use wire available 
for machine forming. These projectiles were stable as measured by accuracy 
and no attempt was made to improve that accuracy. Most of the erratic results 1 
in accuracy were traced to the method of manufacture and heat epantannt of the 
projectiles. 

4. Straight Fin Projectiles Vs Spinning Projectiles 

It may be seen from the plot of the 20 MM single launchings 
(pate 12) that the percentaye of projectiles hitting in a given diameter is 
much higher for the spinnin, tyne than for the straight fin prcejectile. This 
is due to the fact that manufacturing defects have less effect on a spinning 
projectile. Typical flight paths of the two types of projectiles is shown 


below in the non-dimensional graph. 


Launching | tee aiid Esirotgnt Fin Projectile 
ay eo ES mee = fe rs ~~, 
Station ‘Seatnags ace Ria aE a me ca a5 
_—_— ee —_ 
| Dowm Range ~®\ spinning Projectile 


The straight fln projectile tends to follow a curved path while 
the spinning projectile tends to follow a basically straight path. 
5. Determination of Preferred Single Projectile 
Approximately nine different types of projectiles were fired of 
both the 20 MM! and the shctm type to determine the best one t¢ be used for 
future testing. Quantities of the different types fired ranged from 8 of one 


type to 98 of another. -It muy be noted from the charts on pages 13 and 14 
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that the 2° machine formed 20 MM projectile was the best from an accuracy 
standpoint and that the 1° machine formed projectile was the most accurate 
in the shot gun type. 

It was concluded afver this testing that these projectiles 
were suitable for future multiple rounds. In order to reduce costs of man- 
ufacturing, the 2° machine formed projectile for both 20 MM and shotgun 
multiple firings was selected for future tests. . 

The photographs on pages 15 and 16 show a typical 20 MM 
and shotgun single prejectile and sabot. 

6, Stability Tests 

Several of the different types of 20 MM and shotgun projec- 
viles were fired at the Naval Ordnance Laboratory who jointly with AIRCRAFT 
ARMAMENTS, INC. conducted various tests and determined tne stability char- 
acteristics of the different projectiles. It was noted during this testing 
that there wes little difference between the 1°, 2° und 3° shotgun type 
projectiles whereas the <° 20 MM projectile proved best. More detail in- 
formation on these tests nay be obtained by referring to NAVORD Report 
No. 2778 (Reference 'a'). 

It is to be noted that improvement can be made in the 
stability characterirtics of both the 20 MM and shotgun type projectiles 
and AIRORAFT ARMAMENTS, INC. is currently making plans to manufacture and 
test with the Naval Ordnance Laboratory additional new type single pro- 
jectiles. One of the changes recommended by the Naval Ordnance Laboratory 


is to increase the fin chord length. 
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7. Lethality Tests 
After preliminary studies were made lethality tests were 
conducted at Edgewood Arsenal for both the 20 MM (21 grains) and shotgun 
(17 grains) single projectiles. A report of the findings is currently 
beiny prepared and should become available by April 1954. Preliminary 
indications are that these projectiles are lethal and huve satisfactory 


penetrating power, 
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III. 20 MM CLUSTER ROINDS 

A. Cun Tube Design 

1. The initial concept of firing scatter projectiles from a 20 MM 
barvel envisioned use of a snecial low twist rifled tube in order to achieve 
required dispersion of nrojectiles. Combined with this low twist barrel was 
a stripper attachment to accomplish break-up of the plastic sabot housing a 
number of fin stabilized projectiles. 
Results obtained on the first series of test firinzs numbers 

1 ~ 11 (ER-137, page 31 -Reference 'b') indi-:ated the fellowin:: 


a, The stripper action was suczessful in that the 
sabct was broken up. 


b. The yaw card traces indicated poor stability of 
projectiles and few hits were recorded. 


2. A study ot these results indicated the following factors may 
have affected dispersion and lack of stability: 


‘a. The projectile fins were damaged due to 
acceleration loads in the -un. 


b. The stripper action may heve been detrimertal 
to projectile stability. (This might be indicated 
at a later date efter further studies are made.) 


2. The tube twist due to rifling created high 
anzles of yaw. 


ad. The slotted back plate into which the projectile 
fins were placed caused damaze to the fins. 


3. It was decided to accomplish future firings using a smeoth bore 
tube of .575 inth diameter ard to @o as much test firing. as possicle with a 
vage smooth cylinder vcore shotgun so that sost of the ruuncs would be 


reduced. 
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The decision to use 4 smocth bere tube appears to be correct 
as @ larve number of rounds have subsequently been fired in both a iz gage 
shotgun and a smcoth bore 20 MM gun tube with considerable improvement in 
dispersion characteristics. Results are plutted on page 22 and do confirm 


this observation. 


B. Sabot Design. 

Considerable experimentation on sabot design and packing medium 
has been conducted. The original firing (rounds Nos. 1 - 11) incorporated 
a plastic sabot which wes intended to break up due to stripper action at the 
muzzle. The resulting dispersion was extremely hizh and consistent results 
could not be obtained. Upon review of the possible causes of this dispersion 
it was felt that the sabot break-up by stripper action may have disrupted the 
projectiles and that the heavy ballast plug pushing the sabot caused the pro- 
jectiles to tumble. 

For the 20 MM tests it was decided to use a standard 20 MM charge 
and projectile weight so as not to alter the internal ballistics of the gun. 
To obtain velocities of the order of 2800 feet/second it is necessary to have 
a total projectile weirht of 2000 grains *5C arains. 

Total weight with a maximum number of projectiles packed in a sabot 
from 160 - 3< projectiles) was approximately 799 grains. This requires vhat 
a sabot and ballast must weigh approximately 1200 grains. . 

In sition to distribute the mass sc as to have tha larser portion 
vorward of the base plu:, steel was substituted for plastic as the sabot 


materia]. This, of course, eliminated the use cf a stripper for sabot 
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sepsration and a new method cf splitting the sabot into 4 segments was 
introdused. See shake on page 2) for typical 20 MM round. 

mounds Nos. <4 - 52 incorporated a split steel sabot of approxi- 
mately 2 inch lenzth and a 500 grain base plug. The results improved 
greatly as to dispersion and reasonable repeatability. 

During this period various packing mediums were investigated. 

Wood fillers between projectiles were tried first and results appeared to 
be sood. However, the inherent high cost of such packin methods led to 
experimentation with a frangible plastic vype material. In addition, some 
indications were present that the wood filler strips interfered with proper 
cluster separation. 

A few rounds using commercial rosin were fired and it was found 
that the rounds packed with rosin gave approximetely the same results as 
when packed with wooden fillers. However, it was noted that the rosin had 
a tendency to adhere to the projectiles probably causing instability in 
flight. This was practically eliminated by zinc plating the projectiles. 
Rounds fired with zinc plating appeered to improve dispersion to some extent. 

A Hmited number of photcgraphs were obtained at the Naval Ordnance 
Laboratory and, although no conclusions were apparent, it was decided to in- 
vestivate a number of sabot desions and packin,: methods. After firing these 
different confisurations a selection for confirmation firing would be accom= 
plished. NAVOR) Report No. 2393 (Reference 'c') shows a photozraphic study 


Sav0t separatiun Of scatter projectile clusters. 
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C. Results 


Rounds Nos. 54 = 92 were fired and observation of data 


show best dispersion charecteristics. (Approximately 9 projectiles 


} in 6 foot diameter at 100 yards or a projectile density of .3 


projectiles/square feet in a 6 foot diameter). Observation of data 


at 


{ 
| 
sketches shown on pages 22 and 50 will show that Type XII and Type H 
| 
sheets on pages 24 and 25 and curves plotted on pages 22 and 23 | 


will show graphically the firing resuite or tnis phase of the program 


Additional studies should be made in order to increase 


j 

i i} 
B, Remaining’ Design Problems on Sabot | 
i { 
the payload vs, the total weight of the round. This may be i 
3 


the velocity, but requires variations in the interior ballistics of { 


the gun. These changes were not desired to be incorporated at this 


stage of the investigation. 


PPR EP ee meme: a 


t 
| 
| accomplished by utilizing a different powder charge and/or increasing 
| 
| 
| E. Lethality Studies 

’ 

It is currently planned to conduct lethality tests at 

| Fdgé.ood Arsenal similar to those conducted on the single projectiles 

4 


F. Wind Tunnel and Photographic Data 


\ Studies and wind tunnel tests will be made at the Naval 
i 

| Ordnance Laboratory to determine the aerodynamic effects on the 

| : projectiles during clister separatiuu. in addition continued 
photographic studies will be made in order to establisn possibie sabot 


{ redesign so that better cluster separation may be obtained, 


| 
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A. Purpose 

Durin,: the course of 20 MM work it was found practical te utilize 
a 12 gage shot.cun for preliminary evaluation of the type rounds to be used 
in ZO MM work. This cecision was arrived at since it appeared that the 
costs of the total round would be cheaper and the use of a 12 gage shotgun 
would be less ambersome than the 20 MM cannon. 

While this was the prime veason for use of this caliber gun, it 
was later found during the course of the program that a weapon of this type 
would be an asset to the military and a joint program was conducted of both 
the <0 Mi and shot,cun type rcund; for that reason, more emphasis was placed 
on the 12 gaze shot.cun work than had orivzinally been planned. 

B. Sabot Design 

The problems of the sabot desizn in the 12 gaze shotgun were unlike 
those of the 20 MM cannon since, in order to utilize a standard charge, the 
total round weizht could not exceed 600 grains and still maintain approxi- 
mately 1450 ft/sec. It was found that the larger portion of the weight, 
(approximately 480 zrains) wouid be made up of prejectiles (32 per round) 
and it became necessary to arrive at a sabot which would not exceed the re- 
maining 120 grains. For this reason, plastic sabots were selected and in 
general the total round weicht does not exceed 600 grains. Ripa plastic 
type sabots appear to be inexvensive from the manufacturing standpoint 
since they lend themselves tc molding practices and in. addition their light- 
ness should result in less disturbance to the final dispersion of the pro- 
jectiles. Photo:raphs of a launcher and a typical shot:un round are shown 
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C. Results 
Observation of data sheets shown on paves 30 to 32 and curves 
plotted on pazes 33 to 36 will show graphically the firing results of the 
program to date. It is not possible at this time to determine what rounds 
appear to be best and it is plenned that additicnal firing of the better 
rounds incorporating some changes will be fired in the fusure. It may be 
noted, hewever, that round "J" shown on paze 33 in an indication of what 
may be obtained when 1epeatability is accomplished. 
D. Design Probleus 
Although 1t appears that the shotzun round is closer te e pre- 
prototype rounl, it is believed that this is only true from the packaging 
standpoint. One of the problems still remainin.; is that of producing a 
denser pattern. A study will be made to establish the criteria for this type 
of round and upon completion of this study, attempts will be mado to cbtain 
the proper round. 
E. Lethality and wind Tunnel Data 
Similar studies and tests to those conducted for 20 M“ rounds 


have teen and will be conducted on the 12 zasze shotvzun rounds. 
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V . CONCLUSIONS 


The following conclusions are drawn as a resuit of the work under 


the subject contract during the past year: 


le 


Work to date indicates that scatter type ammunition is 


feasible and can be developed into a tactical ammunition. 


Additional data is required to establish the limitations 


of such possibility. 


Additional investizations are recuired to establi 


a. 


Shs 
Lethality characteristics. 

Means to increase lethality of multiple rounds. 
Detail design of ammunition. 

Proper sabot separation. 

Lower costs of manufacturing components. 


Better manufacturing technique. 
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VI FUTURE PROGRAM 
it is currentiy planned thet the future program for the year 1954 will | 
be as follows: 
A. Establishment of Ammunition Criteria 
1. Analysis of requires verformance. 


2. Comparison with existing weapons. 


| & i 

i oo 

| B, Shotgun | 

{ 

2. finzle Projectiles i 
f : 

| a. Enzineering desicn. F 

| b. Manufaeture of test articles. 

| ( 

| : ce. Preliminary tests. 

‘ d. Determination of characteristics at the 

i ‘ Naval Grdnance Laboratery. 

pe 

: 1 e. Lethality studies at the Army Chemical Center. 

i : 
" ay 


2. Maltiple Rounds 
a. En-ineering design. 


b. Sanufacture of test articles. ' 


at, the Naval Ordnence Laboratory. 
e. Lethality studies at the Army Chemical Center. 
G. 25 MM 


Same as B.l.c, P.l1.d and B.il.e above. 


D. Summary Reports 


( 
g ] Jwly 1954 and 31 December 1954. 
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VII. REFERENCES : 


Reference: (a) NAVORD Report No. 2772, dated 10 February 1953, 
"A Free rlizht Range Investigation to Determine 
the Stability Characteristics of Individual 


Scatter-Type Projectiles". 


(b) AIRCRAFT ARMAMENTS, INC. Report No. ER-137, 
cated 30 June 1992, "Kesearch on Cpera*iona: 


Feasibility of Scatter-Type Projectiles". 


(ec) NAVORD Report No. 2893, datec 9 June 1953, 
"Photexzraphic Study of Sabot. Separation of 


Scatter Projectile Clusters". 
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SINGLE PROJECTILES 
Round. Projectile app, Fin Distance Off 
gee Number DSSEATAy Length Tyga oe Eee Span Boresight Ganges Remarks 
| 
| 1 079 Bets Delte 109 Not Not | 
{ 2 " Pee . eli4 . Available Available i | 
| ' 3 n 2uth " AL " " 
} d, Wy 2.38 a eldd nm u H 
| ) s 2.38 v 2147 a a { 
| 6 2.20 " 150 i " 
| i] " oe ‘ 20 ; " el: 50 t tt 
i 8 t £200 " 108 " " | 
| 9 " 7.38 n" 0123 " " 
10 " Pn Rect. «113 " " a 
Length .312 4 " : | 
! 11 " 2.26 u 319 wie " " } 
12 " Bebh x soi? «L8G " 4 i? 
AB soe Par, uy 7250 5195 " rt ‘ 
iZ 1.92 " AD 656 " " 
' oh " £38 uy -250 .160 " " ? fins \ 
16 " " i] 2a50 164 " " 
| sey. " n Li ‘ Bie ‘ 20C Ww ” 4 
i Le " B25 t 2250 «LG tt " 
| ( 19 " eai5 " 4250 4161 " " 
20 " 2.06 uv 265 «i180 u Bot 
| Pal t “" ” " 0197 ” rT | 
H DD. " t " " Paley " " 
i | “3 " " " " STZ " " 
{ al, -085 u ny 3265. «180 ay " : 
| ve " " w " " { t 
| 9 " R " " " ” " 
a7 " " " n " " " 
23 " " " "t Hy + " 
29 " t " "t " " W 
| 36 iT it " w ev w ; iT { 
! 22 Delta 170 " 5 fired into | 
u cotton waste 
‘ 32 No Ko fect. eek? ) in. 100 ft. | 
{ 33 Record Reeord Delts 216 
t 34 " Delte eke | | 
35 ; Rect. Md iF in. 007d, 
rf é " 5 7 +203 6 in, 100 yd. 
37 ‘ ac Mt PLS 11.5 in. 50 yd. 
| 38 " ’ es + £06 1C its 100 ft. 
| 39 u t 2216 5 ins 200 ft 
40 ke . " «ei 16 in, TS Lon 
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SINGLS PROJECTILES (con't. ) CONFIDENTIAL 
ry Projectile Fin Distance Off <n 
Dianeter pda Type of Fin apeti Porseigit Range Remarks 
No Record No Record Rect. 2205 15 in. 50 yd. 
: a eld 6 in. 50 ft. 
% " n 6223 2 Aes 10G yd. 
: 7 u 0220 ll in. 200 ft. 
" = " 2h} 6 in. 50 ft. 
rs " " 0227 & in. 100 yd. 
" " ft cell 7 in. 125 ft. 
is w " ~ 209 9 in, 75 ft. 
y om ul 2216 12 in. 50 ya. 
: u tt 203 & in. 50 ft. 
" " " ol 7S 10 in. 100 ft. 
e u us el tS 8 in. 75 Lt. 
2 u e173 ill in. 100 ft. 
u " uM Pees 12 in. 50 yd. 
o $ if eS ll in. 100 ft. 
088 2.06 79 twisted .200 3 in. 100 :d. short chamfer 
il Ww " a 73 5 in. " " 
w n n tt 2 in. u oJ 
My Ww 7 at 1.5 a " long chamfer 
" "W " n 6 in é " " 
" " W iit Zz in. " n 
" a straight u 29 «in. Uy 
W wv u iL 19 in. " 
ae u ui " 2 in. 200 ft. lost at 100 ya. 
" " ye x 19 in. 10C yd. 
" N "i " 42 in. ft 
" " 7? twisted L 12 in. " leng chamfer 
tt u td W 18 in. " M it 
w " " ty 1 7 s S in 2 " " 
" 1 ” tt 6 in. " tt 
au m u s 3 in. " short chamfer 
tt " " " al e 5 in. 8 % 
it " nh " 28 in. " n 
Ws " . ! 5 in. " long chamfer 
" ry tt A J eS * 5 in > ti n 
u " " iT g ine wt " 
AT] u B nt 7 in. w Ww 
+1] t W a ice 5 ine "i " 
" tt i] ft le 5 in. " tt 
wv ") n " Z " 5 in. td tt 
wt iJ 7v +3] 166 5 in. it W 
wt " "n t 4 in. it a 
" " tt tt 9 in. t " 
" " Lal it ahs 5 yi " tt 
ity nN n u li ‘ 5 > Bam wt w 
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Range Remarks 


Length Span Boresig¢ht 
0088 2.06 7° twisted 2200 14 in. "100 yd. long chanfor 
" n n ote) in. Ww " 
i} n n n 2 in. w n 
n wt oe “ § in. " n { 
" Nn " tt 18 due fn “ uy 
“ " " a 9 in. " " 
W n " n 7 in. th " 
iu tt a " 5 in. W " 
" v n i 10, 5 in ‘ i " 
un " wv t ti in. " " 
"W ft Ww " Died in. " Ww 4 
u " " " lL sin. " short chanfer ' 
" " iT) " 4 in. " " $ 
u " n " 13 in. n uv + 
" UL " 25 in. 200 ft. lost at 100 yd. 
u y u u > ths 100 yd. short chamfer 
bs nf 20 formed ut 13:65 iris 3 : 
. " " " 9 in. 
sou uv ” " 18 in. " 
" " " " 2) In. " 
" " n " 7 rere " 
" tt i i 3 in. n 
" " " chy 13 in, " 
" au i u 7 in. 4 
uv it au t 7 i ne " 
" " " ul Lire ns 100 ft. lost at 200 ft. 
" " 7° extra ” Zev ins 200 ft. lost at 100 yd. 
long 

" " tt " 6 in. 100 yd. 
" " a oy 2ee.5 in. 
’ " " 16 in. iy 
" " 7° formed us The 200 ft. lost at i00 yd. 
" " " m 5 in. 100 ft. lost at 200 ft. 
" " mt uw BD . dfs 100 yd. 
me " 3° formed iu 3.5 in. " 
" " n " ys in. " i 
it a] " 5 in. " | 
" tt " " 13 in. " i 
it W " wv 9.5 ire Lb 

" i 16 Lite at 

it " if 7 in. tt 
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